The secondary metabolites produced by various organisms such as plants, bacteria, fungi, and insects, represent a unique reservoir of chemical diversity, often endowed with potent biological properties. 1 If metabolomics can help deciphering structural diversity from a complex mixture, 2,3 the discovery of new bioactive molecules is still a very challenging task. The isolation of bioactive natural products is generally achieved by a bioassay-guided purification procedure. 1 However, this procedure is not always successful, often leading to isolation of known molecules. The whole process is timeconsuming, and generally uses significant amount of toxic organic solvents. Last decades, hyphenated analytical methods such as liquid chromatography coupled to mass spectrometry (LC-MS) or NMR (LC-NMR) have been used as dereplication tools to detect the presence of known bioactive molecules prior to start any isolation procedure. 3, 4 However, despite the development of efficient LC-MS-based method for generic and comprehensive profiling of secondary metabolites in natural extracts, 5 the annotation of new and known analogues in a systematic and untargeted way remains a challenging task.
For these reasons, the development of more efficient approaches is highly required to discover new bioactive molecules. To overcome the current limitations of existing methodology, these new approaches should be able (i) to prioritize biomass selection by facilitating the annotation of analogues, and the detection of unique chemical structure,
(ii) to accelerate isolation of bioactive compounds, (iii) to minimize potential degradation of bioactive compounds, and finally (iv) to minimize the use of toxic chemicals reducing the environmental impact of the overall process. Supercritical CO2 (sCO2) is now widely used in industry allowing the extraction of natural products with a reduced environmental impact [6] [7] [8] [9] or the separation of chiral compounds at analytical or preparative scales. 10 Over the last few years, supercritical fluid chromatography (SFC) is gaining back of interest because manufacturers (Agilent Technologies, Waters, and Shimadzu, in particular) marketed user-friendly and robust analytical and preparative systems. Compared to LC, SFC offers a largest choice of stationary phases exhibiting different selectivity allowing better chromatographic resolution and shortened retention times due to the low viscosity and high diffusivity of sCO2. Moreover, up-scaling from analytical to (semi)preparative scale is achievable while preserving a good chromatographic resolution. Although terpenes constitute a large class of non-polar compounds, publications dealing with their separation and isolation process using sCO2 are scarce, except for monoterpenes. 11, 12 Like HPLC system, 13 SFC-based system can be coupled with tandem mass spectrometers in order to provide structural information on biomolecules. While bioinformatics tools are now well implemented for metabolomics, 14 or proteomics, 15 only few of them can really empower the information covered in MS/MS data of natural compounds. Among them, MS/MS molecular networking (MS 2 MN) has emerged as an efficient tool to explore MS/MS data since its availability on Global Natural Product Social molecular networking web-platform (GNPS). [16] [17] [18] [19] [20] MS 2 MN is a graph-based approach that relies on the assumption that structurally related molecules share similar fragment ions in their respective MS/MS spectra. 16, 21 Thus, MS 2 MN allows establishing spectral similarity relationships represented as a spectral networks, so-called molecular networks (MNs). The emergence of this approach unleashed the potential of untargeted MS/MS analysis by allowing the visualization of spectral groups in an untargeted way.
Moreover, MNs can be seeded with MS/MS data of molecular standards used to seed the MNs and propagate annotation, 18 leading to the dereplication of not only identical molecules but also analogues organized as molecular series. 17 Recent studies successfully employed MS 2 MN annotation in LC-MS/MS-based metabolomics and natural product isolation, 20, 17, 18 but none of them was based on SFC-MS/MS data. [22] [23] [24] [25] We will expose our efforts to develop an efficient and environmentally friendly SFC-MS 2 MN-based workflow for the discovery and isolation of new bioactive molecules from a complex natural extract. The study of E. semiperfoliata plant extract endowed with strong antiviral activity 26, 27 offers an interesting subject to optimize and evaluate our approach. In fact, several chromatographic fractions showing antiviral potency were not studied yet, 28 while phorboids diterpene esters were reported from this species but never evaluated. 29 Moreover, thanks to the described MS/MS fragmentation behavior of some jatrophane esters previously isolated from this species, this study also aimed at exploring how diterpene ester fragmentation pattern drive molecular network clustering.
RESULTS AND DISCUSSION
Development of a SFC-MS/MS Method for the Analysis of Diterpene Esters. In order to determine the best conditions of separation, various parameters, i.e. stationary phases, the mobile phase composition and flow-rate, back pressure and oven temperature, were optimized using a test-mixture of seven jatrophane esters standards (3-8, and 11 in Figure 1 replication, and some of the isolated jatrophane esters were shown to display selective activities. 28, 32 In the present study, MS 2 MN was used to explore the molecular content of bioactive fractions obtained previously from this extract. 28, 32 Analysis by SFC-MS/MS were performed on standard compounds andfractions, and data were further analyzed by on GNPS web platform. 19 Fractions F7, F8 and F9 exhibiting potent antiviral activity against CHIKV virus replication (EC50 = 1.2, 9.4 and < 0.8 µg.mL -1 , respectively) were selected. The MS/MS data were acquired using a data-dependent acquisition method to collect collisioninduced fragmentation spectra for the four most intense ions observed in the range m/z 300-800. 19 MS/MS spectra of previously isolated compounds 1-12 were included in the dataset as references to annotate some clusters, and to optimize MS2MN parameters.
The Δm/z between two nodes in the MN were annotated as molecular differences using a table of elemental compositions (elements C, H, O, N, and Na only), 30 according to mass errors below 0.01 Da.
The use of default parameters of the GNPS workflow led to the generation of molecular network nodes that were found to be artefactual. Indeed, some consensus MS/MS spectra clusterered by MS-Cluster, were of chimeric nature. The chimeric MS/MS spectra are due to the clustering of MS/MS spectra produced by different, but related molecules, with a cosine score above 0.7, and precursor ions within the precursor ion mass tolerance (2.0 Da). After optimization of molecular networks parameters including the use of a precursor ion mass tolerance of 0.01 Da, and a product ion tolerance of 0.0075 Da, the number of these chimeric features could be drastically reduced.
Furthermore, to achieve a satisfactory clustering of diterpene esters using referencestandard compounds, molecular networks were generated using 12 minimum matched peaks, and by removing fragment ions below 10 counts from the MS/MS spectra. Metabolomic Standards Initiatives. 31 Moreover, annotation (level 2) was propagated Although the clustering of diterpene esters in MS/MS molecular networks appeared to be driven by (i) the type of diterpene esters, and (ii) their functionalization, this approach is not sufficient to establish the molecular structure of these annotated compounds. We first aimed at selecting the best fraction for a targeted SFC-MS-based purification procedure. In order to give information on the relative distribution of nodes between the three fractions, the data-dependent MS/MS acquisition method were achieved with no exclusion parameters. In Cytoscape, a first "fraction layout" using the number of scan per fraction was generated to map the relative distribution of each node as pie chart ( Fig   S2A , in Supporting Information). A second fraction layout using the sum of the precursor ion intensity per fraction was generated using advanced output options of GNPS workflow ( The cluster of jatrophane esters of group C was also specific to F9 indicating that 4-deoxyphorbol esters and jatrophane esters of group C could be related to the potent anti-CHIKV activity of F9. 
Structural Elucidation of Diterpene Esters Isolated by Semiprep-SFC. Although
MS/MS from molecular networks shows the type of modified forms of the diterpenes are present, it cannot provide a full structure. Therefore, the structural elucidation of compounds 13-18 ( Figure 3 ) was achieved using a combination of NMR spectroscopy, 
ESI-HRMS/MS, and X-ray crystallography (Tables S1-S3, Figures S3 in Supporting Information

Evaluation of the Antiviral Activity of the Isolated 4-Deoxyphorbol Esters.
Compounds 13-18 were evaluated for their anti-CHIKV potential by using a chikungunya virus-cell-based assay, whereas the four 4-deoxyphorbol esters (15) (16) (17) (18) were evaluated for antiviral activity using recombinants HIV-1 (NL4.3-Ren) in MT-2 cells (Table S4 , in Supporting Information). Due to the low amount of isolated, compounds 13 and 14 were not evaluated for anti-HIV activity. Their activity was compared to the 12-O-tetradecanoylphorbol-13-acetate (TPA), a phorbol ester known for his potent tumor-promoter activity, and prostratin (12-deoxyphorbol-13-acetate), 39 a promising non-tumor-promoter antiviral diterpene ester, which is currently under clinical trial evaluation in the US. Structural elucidation. Optical rotations were measured using a JASCO P1010
polarimeter at 25 °C. The UV spectra were recorded using a Perkin-Elmer Lambda 5
spectrophotometer. 2D NMR spectra were recorded using a Bruker 500 MHz instrument (Avance 500), and using a Bruker 300 MHz instrument (Avance 300) for 13 
